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[57] ABSTRACT 
Methods and apparatus for reducing memory read la 
tency for selected data requested by one central pro 
cessing unit (CPU) and retrieved from another CPU 
through a system control unit (SCU) with special data 
transfer cycles. The special data transfer cycles include 
a ?rst dua] operation mode which con?rms that the 
transferred data is the most current and then concur 
rently writes the CPU transferred data into the SCU 
main memory while transferring it directly to the re 
questing CPU, and a second dual operation mode which 
con?rms that only a portion of the transferred data is 
the most current and then concurrently writes the por 
tion of the transferred data that is most current in the 
SCU memory and reads the written data that is most 
current in the SCU memory and reads the written data 
for transfer to the requesting CPU. 

6 Claims, 3 Drawing Sheets 
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METHOD AND APPARATUS FOR REDUCING 
MEMORY READ LATENCY IN A SHARED 
MEMORY SYSTEM WITH MULTIPLE 

PROCESSORS 

FIELD OF THE INVENTION 

The present invention relates to digital computer 
memory control systems, and more particularly to 
methods and apparatus for initiating multiple operation 
commands for central processor unit (CPU) to central 
processor unit (CPU) data transfers in a digital com 
puter system including a system control unit (SCU) and 
multiple CPU’s. 

BACKGROUND OF THE INVENTION 

In a digital computer system which includes an SCU 
with an associated main memory and multiple indepen 
dent CPU’s, each CPU with its own associated write 
back cache, data stored in the SCU main memory may 
be invalid because more current data has been entered 
into one of the CPU’s and stored into its associated CPU 
cache. A CPU in the system which requests selected 
data must ?nd out if the version of the requested data 
stored in the SCU main memory is the most current 
version, or if not, the location of the CPU cache in 
which the most current version is stored. To this end, 
the SCU may contain a data storage location directory 
which includes a cache consistency unit (CCU) which 
indicates if the requested data stored in the SCU main 
memory has been invalidated, and the CPU cache loca 
tion for the refreshed version of the requested data. 
To provide the requesting CPU with data which is 

stored in the cache of another CPU, it has been neces 
sary to read the data of the CPU cache in which the 
most current version of the requested data is located, 
transfer the read data back to the SCU, and then write 
the received data into the SCU main memory so that the 
received data replaces the less current version of the 
requested data already stored in the SCU main memory. 
After the refreshed data received from the located CPU 
is written into the SCU main memory, the SCU main 
memory is read so that the refreshed data can be trans 
ferred to the requesting CPU. 
However, the above described procedure involves 

signi?cant memory read latency because the SCU must 
?rst initiate a write cycle with a "WRITE" command to 
enter the refreshed data transferred to it into memory, 
and then, when the write cycle is complete, initiate a 
read cycle for the same data address with a "READ" 
command to transfer the most current version of re 
quested data written in the SCU main memory to the 
requesting CPU. Thus, two complete SCU main mem 
ory cycles are necessary every time requested data is 
transferred to a requesting CPU from a cache of an 
other CPU through the SCU. 

SUMMARY OF THE INVENTION 

The present invention minimizes memory read la 
tency when requested data is transferred from the cache 
of a located CPU through the SCU to a requesting CPU 
by using new cycles which combine two operations at 
once with a single command. These new cycles may be 
termed a “WRITE-READ" cycle and a "WRITE 
PASS" cycle. The “WRITE-READ" cycle permits the 
SCU to perform a write cycle and a read cycle to the 
same address concurrently. The "WRITE-PASS" 
cycle allows the SCU to concurrently write data re 
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2 
ceived from a CPU and pass the same data onto another 
CPU in one cycle. The “WRITE-READ“ and 
"WRITE-PASS" cycles are each initiated with a single 
command. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a typical digital com 
puter system with a SCU and associated independent 
CPU’s suitable for incorporating the present invention. 
FIG. 2 is a basic flow chart of logic steps for the 

preferred embodiment of the invention adapted for use 
with the system shown FIG. 1. 
FIG. 3 is a typical block diagram of the preferred 

embodiment of the invention for use with the digital 
computer system shown in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to the drawings, wherein like reference 
characters designate like or corresponding parts 
throughout the views, FIG. 1 shows a typical digital 
computer system 2 suitable for incorporating the pres 
ent invention. The system 2 includes a system control 
unit (SCU) 4 with an associated SCU main memory 6 
and SCU data storage location directory 8. The direc 
tory 8 includes a cache consistency unit (CCU) 10 
which indicates, for any requested data address from 
the SCU main memory 6, if the SCU main memory 6 
data is superceded by a more current version of the 
requested data elsewhere in the system 2 with imple 
mentation well known in the art. 
The SCU 4 is typically interconnected to a plurality 

of independent central processing units (CPU’s) 12 via 
individual associated data bus links 14. Each one of the 
CPU’s 12 has a writeback cache 16, a control unit 18 
and an input/output (l/O) unit 20. 
As well known in the art, the CPU s 12 may individu 

ally accept and store data in their associated caches 16. 
This data may not be in the SCU main memory 6 or may 
include a refreshed (more current) version of data that is 
stored in the SCU main memory 6. Also in accordance 
with the prior art, the addresses of data written into the 
individual CPU’s 12 are transferred to the SCU 4 for 
storage in the SCU data storage location directory 8, 
and the CCU 10 indicates which SCU main memory 6 
data has been superceded by more current versions in 
one of the CPU caches 16. 
As part of the data transfer process from one of the 

CPU’s 12 through the SCU 4 and to a requesting one of 
the CPU’s 12, it is highly desirable to not only transfer 
the most current version of the data requested to the 
requesting one of the CPU’s 12 from another one of the 
CPU’s 12, but also to update the SCU main memory 6 at 
the same time, while also registering in the SCU direc 
tory 8 that the SCU main memory now has the most 
current version of the requested data. In this way, addi 
tional requests for the same data may be read from the 
SCU main memory 6, until one of the CPU’s 12 re 
freshes the requested data still further. 
However, the above described process of refreshing 

the SCU main memory 6 with the transferred data ac 
cording to the prior art generally involves at least the 
execution of two distinct commands, a "WRITE” com~ 
mand to write the transferred data received by the SCU 
4 at a selected address, followed by a "READ" com 
mand at the same address. The use of two such distinct 
commands then requires the execution of two complete 
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data transfer timing cycles for the SCU main memory 6, 
thereby at least doubling memory read latency relative 
to a single cycle data transfer operation. 
The present invention eliminates memory read la 

tency caused by the need for two distinct commands 
and two complete data transfer timing cycles for the 
SCU main memory 6 by using combined operation 
cycles for the process of transferring the requested data 
between the CPU's 12 and concurrently storing the 
transferred data into the SCU main memory 6. When 
the transferred data has been validated as the most cur 
rent version by the SCU directory 8, a “WRITE 
PASS" cycle is used. This cycle allows the validated 
data to be passed through the SCU 4 to the requesting 
CPU 12 as the validated data is written into the SCU 
main memory 6. When the transferred data has not been 
validated by the SCU directory 8, a “WRITE-READ“ 
cycle is used. This cycle allows only validated portions 
of the transferred data to be written into the SCU main 
memory 6, and in the same cycle, for the SCU main 
memory 6 to be read for transfer of data requested by 
the requesting one of the CPU‘s 12. Thus, for the 
“WRITE-READ" cycle, only the validated portion of 
the data transferred to the SCU 4 in response to the data 
request from the requesting one of the CPU’s 12 is writ 
ten into the SCU main memory 6, whereas all of the 
data requested by the requesting one of the CPU’s 12 is 
read from the SCU main memory 6. The read data 
contains the validated portion of the data received by 
the SCU 4 which was written into the SCU main mem 
ory 6. 
The data transferred to the SCU 4 from the located 

one of the CPU‘s 12 is transferred into an SCU memory 
subsystem 22. The memory subsystem 22 includes a 
data write buffer 24, a data bypass multiplexer 26 and a 
data read buffer 28. The memory subsystem 22 serves to 
sequence and transfer the data transferred to the SCU 4 
so that the data flow through the SCU 4 is controlled 
with the "WRITE-PASS" and “WRITE-READ" op 
erations described above. 
The SCU 4, the SCU main memory 6, the CCU 10, 

the SCU memory subsystem 22, the write buffer 24, the 
bypass multiplexer 26 and the read buffer 28 are all 
components well known in the art. They may be inter 
connected in a variety of well known con?gurations, 
and are shown in block form in FIG. 1 for purposes of 
representation only, since they do not in themselves 
constitute part of the present invention. Likewise, each 
CPU 12, the CPU cache 16, the control unit 18 and the 
I/O unit 20 shown as part of each of the CPU’s 12 are 
well known components which may be interconnected 
in a variety of well known con?gurations and are 
shown in block form for purposes of representation 
only, since they do not in themselves constitute part of 
the present invention. 
The methodology of the present invention is shown 

in the system flow chart of FIG. 2. The SCU directory 
8 determines that the most current version of data re 
quested by a requesting one of the CPU’s 12 is not in the 
SCU main memory 6, but rather in another one of the 
CPU‘s 12 located by the SCU directory 8 according to 
methodology well known in the art. The data trans 
ferred from the located one of the CPU’s 12 with the 
most current version of the requested data is transferred 
to the memory subsystem 22 of the SCU 4 at step 102. 
The SCU 4 command information is processed by the 
memory subsystem 22 to decode the proper address for 
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4 
selection of the requested data from the SCU main 
memory 6 at step 104. 
The selected address is then passed from the memory 

subsystem 22 to the SCU main memory 6 at step 106. 
The timing cycle for the SCU main memory 6 is then 
initiated at step 108. Before data retrieved from the 
located one of the CPU’s 12 is passed to the SCU main 
memory, its validity as the most current version of the 
requested data is checked in the memory subsystem 22 
at step 110. If the checked data is validated, it is loaded 
into the write buffer 24 at step 114 and the write buffer 
24 then concurrently transfers the loaded data into both 
the SCU main memory 6 and the bypass multiplexer 26 
at steps 116 and 118. If the checked data is not validated 
by the memory subsystem 22, the data is also loaded 
into the write buffer 24 at step 126, but then only the 
valid portions of the loaded data are written into the 
SCU main memory 6 at the selected address at step 128. 
As the write cycle for the selected address is completed, 
the memory subsystem 22 initiates a read cycle of the 
SCU main memory 6 at the selected address at step 130. 
The data read from the SCU main memory 6 at the 
selected address is then a mixture of new validated data 
transferred from the located one of the CPU's 12 and 
the old data already stored in the SCU main memory 6. 
The read data is then passed to the bypass multiplexer 
26 at step 118. 
The bypass multiplexer 26 provides a common trans 

fer point for the validated data passed to it directly from 
the write buffer 24 and the read data at the selected 
address from the SCU main memory 6. The bypass 
multiplexer 26 transfers either the validated data re 
ceived from the write buffer 24 or the read data from 
the selected address of the SCU main memory 6 into the 
read buffer 28 at step 120. The read buffer 28 then trans 
fers the buffered data to the requesting one of the CPU’s 
12 at step 122. 

Thus, when the most current version of data re 
quested by a requesting one of the CPU's 12 is only 
available from the cache 16 of another one of the CPU’s 
12, the requested data is retrieved from the located one 
of the CPU‘s 12 and then transferred through the SCU 
4 to the requesting one of the CPU‘s 12 with one of two 
possible dual operation program cycles which both 
update the SCU main memory 6 as the requested data is 
transferred through the SCU 4. When the data retrieved 
from the located one of the CPU‘s 12 is con?rmed valid 
(most current) by the memory subsystem 22, the data is 
written into the SCU main memory 6 while being trans 
ferred through the memory subsystem 22 to the request 
ing one of the CPU’s 12 without any subsequent read 
cycle of the SCU main memory 6. When the retrieved 
data cannot be con?rmed valid by the memory subsys 
tem 22, the portions of the retrieved data that can be 
determined valid are written at the selected address for 
the requested data in the SCU main memory 6. The 
SCU main memory 6 is then read in its entirety at the 
same selected address in the same operation, providing 
read data corresponding to the requested data. The read 
data is a mixture of the valid portions of the data re 
trieved from the located one of the CPU's 12 along with 
portions of stored data in the SCU main memory 6 
which correspond to the other portions of the requested 
data. The read data forms a complete data transfer of 
the requestec data for the requesting one of the CPU’s 
12. . 

A preferred embodiment of the SCU memory subsys 
tem 22 is shown in FIG. 3. The SCU memory subsystem 
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22 receives command information from the SCU 4 in an 
address decoder 30 on a command line 32. The address 
decoder 30 decodes the selected address for storage of 
the retrieved data in the SCU main memory 6 from the 
command information. The decoded address from the ‘ 
address decoder 30 is fed to a main memory controller 
34 via an address line 36. The memory controller 34 
transmits the selected address into the SCU main mem 
ory 6 via a select line 38. The memory controller 34 
then begins a timing cycle for the SCU main memory 6, 
with reference clock signals fed to the main memory 6 
via a clock line 40 and memory array strobe signals fed 
to the main memory 6 via a memory array strobe line 42 
to lock in the selected address. The memory subsystem 
22 also includes a validity checker 44 to check the valid 
ity of the data retrieved from the located one of the 
CPU‘s 12 fed to the validity checker 44 via a validity 
input line 46. The retrieved data is also fed to the write 
buffer 24 via a write buffer input line 48. The write 
buffer 24 may typically include latching circuitry to 
latch and store the retrieved data until released by a 
write data latch signal supplied by the main memory 
controller 34 and fed to the write buffer 24 via a write 
buffer latch line 50. 
The validity checker 44 feeds a validity signal to the 

main memory controller 34 via a validity signal line 52. 
If the validity signal on the line 52 indicates a valid 
condition, the main memory controller 34 unlatches the 
data stored in the write buffer 24 with the write buffer 
latch signal on the line 50 to feed the unlatched data to 
the SCU main memory 6 via a write buffer output line 
54 at the selected address transmitted to the SCU main 
memory 6 on the line 38. Concurrently, the main mem 
ory controller 34 feeds a multiplexer latch signal to the 
bypass multiplexer 26 via a multiplexer latch line 56 
allowing the data unlatched by the write buffer 24 to 
pass through the bypass multiplexer 26 via a bypass line 
58 into the read buffer 28 via a read buffer input line 60. 
The data fed into the read buffer 28 is latched with a 
read buffer latch signal on a read buffer latch line 62, 
and then the latched data is released from the read 
buffer 28 by the main memory controller 34 at the end 
of the operation cycle with the read buffer latch signal. 
The data released by the read buffer 28 is then transmit 
ted to the requesting one of the CPU’s 12 via a read 
buffer output line 64. 

If the validity signal on the line 52 does not indicate 
a valid condition, the main memory controller still un 
latches the data stored in the write buffer 24 with the 
write buffer signal on the line 50, but the main memory 
controller 34 does not feed the bypass multiplexer 26 
with the multiplexer signal on the line 56, so that the 
released data is only fed to the SCU main memory 6 on 
the line 54. As is well known, the main memory oontrol~ 
ler 34 only unlatches those portions of the received data 
con?rmed valid by the validity checker 44. 

After all the validated data is written, the main mem 
ory controller 34 commands the SCU main memory 6 
to read the data stored at the selected address with a 
select signal on the line 38. The read data from the 
output of the SCU main memory 6 is fed to the bypass 
multiplexer 26 via a memory output line 66. The bypass 
multiplexer 26 passes the data read by the SCU main 
memory 6 to the read buffer 28 via the line 60. The data 
fed into the read buffer 28 is latched with the read buffer 
latch signal on the line 62, and then the latched data is 
released from the read buffer 28 by the main memory 
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6 
controller 34 for transmission to the requesting one of 
the CPU‘s 12 via the read buffer output line 64. 
The address decoder 30, the memory controller 34 

and the validity checker 44 shown in FIG. 3 are all well 
known components which may be interconnected in a 
variety of well known con?gurations, and are shown in 
block form in FIG. 3 for purposes of representation 
onlyI since they do not in themselves constitute part of 
the present invention. 

Thus, there has been described above memory sub 
system cycles for an SCU with a main memory which 
minimizes memory read latency when data is trans 
ferred from the writeback cache of a selected CPU 
through the SCU to a requesting CPU and the trans 
ferred data also updates the main memory. The cycles 
include one dual operation mode, a “WRITE-PASS“ 
cycle, which with transferred data con?rmed valid 
concurrently writes the transferred data into a selected 
address of the SCU main memory and transfers thedata 
on to the requesting CPU without any intervening read 
cycle, and another dual operation mode, a “WRITE 
READ" cycle, which with transferred data not con 
firmed valid writes portions of the uncon?rmed data 
which is determined to be valid in the SCU main mem 
ory,_and then reads the same selected address in the 
SCU main memory in the same operation, and transmits 
the read data to the requesting CPU. 

It will be understood that various changes in the 
details, arrangements and con?gurations of the parts 
and assemblies which has been described and illustrated 
above in order to explain the nature of the present in 
vention may be made by those skilled in the art within 
the principle and scope of the present invention as ex 
pressed in the appended claims. 
What is claimed is: 
1. For a digital computer system having a system 

control unit (SCU) with a main memory and a plurality 
of central processing units (CPU's), each CPU with its 
own associated writeback cache, a method of transfer 
ring requested data to a requesting one of the CPU‘s 
from the cache of a selected one of said other CPU‘s 
through said SCU and updating said SCU main mem 
ory, comprising the steps of; 

transmitting said requested data from said cache of 
said selected CPU to said SCU; 

checking said transmitted data to establish that said 
transmitted data is all valid data or only partially 
valid data; 

if said transmitted data is established as all valid data 
then 
(a) transmitting said valid data to said requesting 
CPU; and 

(b) concurrently wiring said valid data in said SCU 
main memory at an address; or, 

if said transmitted data is established as only partially 
valid data then 
(a) determining the valid portions of said data; 
(b) writing said valid portions of said data in said 
SCU main memory at an address while in the 
same operation reading data from said SCU main 
memory at said address; and 

(c) transmitting said read data to said requesting 

2. For a digital computer system having a system 
control unit (5 "U) with a main memory and a plurality 
of central processing units (CPU‘s), each CPU with its 
own associated writeback cache, a method of transfer 
ring requested data to a requesting one of the CPU‘s 
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from the cache of a selected one of said other CPU’s 
through said SCU and updating said SCU main mem 
ory, comprising the steps of: 

receiving command information from said SCU; 
decoding a memory address in said main memory for 

said requested data from said command informa 
tiOn; 

transmitting said decoded address to said main mem 
ory; 

latching said decoded address in said main memory; 
transmitting said requested data from said cache of 

said selected CPU to said SCU; 
checking said requested data from said selected CPU 

to establish that said requested data in all valid data 
or only partially valid data; 

if said requested data from said selected CPU is estab 
lished as all valid data then 
(a) transmitting said valid data to said requesting 
CPU; and 

(b) concurrently writing said valid data in said 
main memory at said decoded address; or, 

if said data is established as only partially valid data 
then 
(at) determining the valid portions of said data; 
(b) writing said valid portions of said data in said 
main memory at said decoded address while in 
the same operation reading data from said main 
memory at said decoded address; and 

(c) transmitting said read data to said requesting 
CPU. 

3. ln a digital computer system having a system con 
trol unit (SCU) with a main memory and a plurality of 
central processing units (CPU’s), each CPU with its 
own associated writeback cache. a method of transfer 
ring requested data to a requesting one of the CPU‘s 
from the cache of a selected one of said other CPU’s 
through said SCU and updating said SCU main mem 
ory. comprising: 
means for transmitting said requested data from said 

cache of said selected CPU to said SCU; 
means for checking said transmitted data to establish 

that said transmitted data is all valid data or only 
partially valid data; 

means for transmitting said all valid data to said re 
questing CPU; 

means for initiating the writing of said all valid data in 
said SCU main memory at an address concurrently 
with transmitting said all valid data to said request 
ing CPU; 

means for determining the valid portions of said only 
partially valid data; 

means for initiating the writing of said valid portions 
of said only partially valid data in said SCU main 
memory at said address while in the same operation 
initiating the reading of data from said SCU main 
memory at said address; and, 

means for transmitting said read data to said request 
ing CPU. 

4. In a digital computer system having a system con 
trol unit (SCU) with a main memory and a plurality of 
central processing units (CPU’s), each CPU with its 
own associated writebaclt cache, a method of transfer 
ring requested data to a requesting one of the CPU’s 
from the cache of a selected one of said other CPU’s 
through said SCU and updating said SCU main mem 
ory. comprising: 
means for receiving command information from said 
SCU; 

25 

30 

35 

45 

50 

55 

60 

65 

8 
means for decoding a memory address in said main 
memory for said requested data from said com 
mand information; 

means for transmitting said decoded address to said 
main memory; 

means for latching said decoded address in said main 
memory; 

means for transmitting said requested data from said 
cache of said selected CPU to said SCU; 

means for checking said requested data to establish 
that said requested data is all valid data or only 
partially valid data; 

means for transmitting said all valid data to said re 
questing CPU; 

means for initiating the writing of said all valid data in 
said main memory at said decoded address concur 
rently with transmitting said all valid data to said 
requesting CPU; 

means for determining the valid portions of said only 
partially valid data; 

means for initiating the writing of said valid portions 
of said only partially valid data in said main mem 
ory at said decoded address while in the same oper 
ation initiating the reading of data from said main 
memory at said decoded address; and 

means for transmitting said read data to said request 
ing CPU. 

5. For a memory device useful with a system control 
unit (SCU) and a plurality of central processing units 
(CPU’s), each CPU with its own associated writeback 
cache, a method of reducing read latency for data trans 
ferred from one of said CPU’s in response to a request 
for said data from another of said CPU’s, comprising 
the steps of: 

receiving command information from said SCU; 
receiving data requested by a requesting one of said 
CPU‘s from the cache of another one of said 

decoding a memory address for said CPU requested 
data from said command information; 

latching said decoded memory address; 
checking said transmitted data to establish that said 

transmitted data is all valid data or only partially 
valid data; 

if said transmitted data is established as all valid data 
then 
(a) transmitting said valid data to said requesting 
CPU; and 

(b) concurrently writing said valid data in said 
SCU memory at said decoded memory address; 
or, 

if said transmitted data is established as only partially 
valid data then 
(a) determining the valid portions of said data; 
(b) writing said valid portions of said data in said 
SCU memory at said decoded memory address 
while in the same operation reading data from 
said SCU memory at said decoded memory ad» 
dress; and 

(c) transmitting said read data to said requesting 
CPU. 

6. A memory device for use with a system control 
unit (SCU) and a plurality of central processing units 
(CPU's), each CPU with its own associated writeback 
cache, provit .ig reduced memory read latency for data 
transferred from one of said CPU's in response to a 
request for said data from another of said CPU's, com 
prising: 
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means for receiving command information from said 
SCU; 

means for receiving data requested by a requesting 
one of said CPU’s from the cache of another one of 
said CPU’s; 

means for decoding a memory address for said CPU 
requested data from the command information; 

means for latching said decoded memory address; 
means for checking said received data to establish 

that said received data is all valid data or only 
partially valid data; 

means for transmitting said all valid data to said re 
questing CPU; 
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10 
means for initiating the writing of said all valid data in 

said memory at said latched memory address con 
currently with transmitting said all valid data to 
said requesting CPU; 

means for determining the valid portions of said only 
partially valid data; 

means for initiating the writing of said valid portions 
of said only partially valid data in said memory at 
said latched memory address while in the same 
operation initiating the reading of data from said 
memory at said latched memory address; and, 

means for transmitting said read data to said request 
ing CPU. 
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